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of'a database task to be performed, wherein the database task
includes first and second subtasks; a source selector to receive
an indication of a source device to perform the first and
second subtasks, and to retrieve from the source device an
indication of a processing environment currently available
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level of a database routine of the specified source device; and
an instruction generator to determine a set of languages able
to be interpreted by the database routine based on the identity
and version level, determine whether to perform the first and
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ment, select a language in which to generate instructions to
perform the first subtask based on the determination, and
generate and transmit the instructions to the source device.
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TECHNIQUES FOR GENERATING
INSTRUCTIONS TO CONTROL DATABASE
PROCESSING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority under 35
U.S.C. §119(e) to U.S. Provisional Application Ser. No.
61/951,520 entitled DATA DIRECTOR FOR IN-HADOOP
ETL filed Mar. 11, 2014, the entirety of which is incorporated
herein by reference.

This application claims the benefit of priority under 35
U.S.C. §119(e) to U.S. Provisional Application Ser. No.
62/090,362 entitled DATA DIRECTOR FOR IN-HADOOP
ETL filed Dec. 11, 2014, the entirety of which is incorporated
herein by reference.

This application claims the benefit of priority under 35
U.S.C. §119(e) to U.S. Provisional Application Ser. No.
62/115,836 entitled DATA DIRECTOR FOR IN-HADOOP
ETL filed Feb. 13, 2015, the entirety of which is incorporated
herein by reference.

This application is related to U.S. patent application Ser.
No. 14/643,747 filed concurrently herewith entitled TECH-
NIQUES FOR GENERATING INSTRUCTIONS TO CON-
TROL DATABASE PROCESSING, which is incorporated
herein by reference in its entirety.

BACKGROUND

The varieties of database software and database languages
that may be employed to perform searches and/or other data-
base tasks on data contained within data sets continue to grow
in size and complexity. This begets the challenge of generat-
ing instructions to perform database tasks for individuals not
well versed in the intricacies of doing so.

SUMMARY

The following presents a simplified summary in order to
provide a basic understanding of some novel embodiments
described herein. This summary is not an extensive overview,
and it is not intended to identity key/critical elements or to
delineate the scope thereof. Its sole purpose is to present some
concepts in a simplified form as a prelude to the more detailed
description that is presented later.

A computer-program product tangibly embodied in a non-
transitory machine-readable storage medium, the computer-
program product including instructions operable to cause a
computing device to perform operations including receive an
indication of a specified task to be performed, wherein the
specified task comprises a first set of one or more subtasks;
receive an indication of a specified source device to perform
at least the first set of one or more subtasks, wherein the
source device stores a source data set to serve as an input to
performance of the specified task; retrieve from the specified
source device an indication of a source processing environ-
ment currently available within at least the specified source
device in response to the receipt of the indication of the
specified source device, wherein the indication of the source
processing environment comprises indications of an identity
and version level of a database routine of the specified source
device; determine a first set of one or more languages able to
be interpreted by the database routine of the specified source
device based on the identity and version level of the database
routine of the specified source device; for each subtask of the
first set of subtasks, select a language of the first set of lan-
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guages in which to generate instructions to perform the sub-
task based on at least one aspect of the source processing
environment; generate the instructions to perform each sub-
task of the first set of subtasks; and transmit first task instruc-
tions comprising the instructions generated to perform each
subtask of the first set of subtasks to the specified source
device.

A computer-implemented method includes receiving, at a
coordinating device, an indication of a specified task to be
performed, wherein the specified task comprises a first set of
one or more subtasks; receiving, at the coordinating device,
an indication of a specified source device to perform at least
the first set of one or more subtasks, wherein the source device
stores a source data set to serve as an input to performing the
specified task; retrieving from the specified source device an
indication of a source processing environment currently
available within at least the specified source device in
response to receiving the indication of the specified source
device, wherein the indication of the source processing envi-
ronment comprises indications of an identity and version
level of a database routine of the specified source device;
determining a first set of one or more languages able to be
interpreted by the database routine of the specified source
device based on the identity and version level of the database
routine of the specified source device; for each subtask of the
first set of subtasks, selecting a language of the first set of
languages in which to generate instructions to perform the
subtask based on at least one aspect of the source processing
environment; generating the instructions to perform each sub-
task of the first set of subtasks; and transmitting first task
instructions comprising the instructions generated to perform
each subtask of the first set of subtasks to the specified source
device.

An apparatus includes a processor component; a task selec-
tor for execution by the processor component to receive an
indication of a specified task to be performed, wherein the
specified task comprises a first set of one or more subtasks; a
source selector for execution by the processor component to
receive an indication of a specified source device to perform
at least the first set of one or more subtasks, and to retrieve
from the specified source device an indication of a source
processing environment currently available within at least the
specified source device in response to the receipt of the indi-
cation of the specified source device, wherein the source
device stores a source data set to serve as an input to perform-
ing the specified task, and the indication of the source pro-
cessing environment comprises indications of an identity and
version level of a database routine of the specified source
device; and an instruction generator for execution by the
processor component to determine a first set of one or more
languages able to be interpreted by the database routine of the
specified source device based on the identity and version level
of'the database routine of the specified source device, select a
language of the first set of languages in which to generate
instructions for each subtask of the first set of subtasks based
on at least one aspect of the source processing environment,
generate the instructions to perform each subtask of the first
set of subtasks, and transmit first task instructions comprising
the instructions generated to perform each subtask of the first
set of subtasks to the specified source device.

A computer-program product tangibly embodied in a non-
transitory machine-readable storage medium, the computer-
program product including instructions operable to cause a
computing device to perform operations including receive an
indication of a specified task to be performed, wherein the
specified task comprises first and second subtasks; receive an
indication of a specified source device to perform the first and
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second subtasks, wherein the source device stores a source
data set to serve as an input to performance of the specified
task; retrieve from the specified source device an indication of
a source processing environment currently available within at
least the specified source device in response to the receipt of
the indication of the specified source device, wherein the
indication of the source processing environment comprises
indications of an identity and version level of a database
routine of the specified source device; determine a first set of
one or more languages able to be interpreted by the database
routine of the specified source device based on the identity
and version level of the database routine of the specified
source device; determine whether to perform the first and
second subtasks sequentially or at least partly in parallel
based on at least one aspect of the source processing environ-
ment; select a language of the first set of languages in which
to generate instructions to perform at least the first subtask
based on the determination of whether to perform the firstand
second subtasks sequentially or at least partly in parallel;
generate the instructions to perform the first subtask in the
selected language; and transmit first task instructions com-
prising at least the instructions generated to perform at least
the first subtask to the specified source device.

A computer-implemented method includes receiving, at a
coordinating device, an indication of a specified task to be
performed, wherein the specified task comprises first and
second subtasks; receiving, at the coordinating device, an
indication of a specified source device to perform the first and
second subtasks, wherein the source device stores a source
data set to serve as an input to performance of the specified
task; retrieving from the specified source device an indication
of'a source processing environment currently available within
atleast the specified source device in response to receiving the
indication of the specified source device, wherein the indica-
tion of the source processing environment comprises indica-
tions of an identity and version level of a database routine of
the specified source device; determining a first set of one or
more languages able to be interpreted by the database routine
of the specified source device based on the identity and ver-
sion level of the database routine of the specified source
device; determining whether to perform the first and second
subtasks sequentially or at least partly in parallel based on at
least one aspect of the source processing environment; select-
ing a language of the first set of languages in which to gen-
erate instructions to perform at least the first subtask based on
the determination of whether to perform the first and second
subtasks sequentially or at least partly in parallel; generating
the instructions to perform the first subtask in the selected
language; and transmitting first task instructions comprising
at least the instructions generated to perform at least the first
subtask to the specified source device.

An apparatus includes a processor component; a task selec-
tor for execution by the processor component to receive an
indication of a specified task to be performed, wherein the
specified task comprises first and second subtasks; a source
selector for execution by the processor component to receive
an indication of a specified source device to perform the first
and second subtasks, and to retrieve from the specified source
device an indication of a source processing environment cur-
rently available within at least the specified source device in
response to receiving the indication of the specified source
device wherein the source device stores a source data set to
serve as an input to performance of the specified task, and the
indication of the source processing environment comprises
indications of an identity and version level of a database
routine of the specified source device; and an instruction
generator for execution by the processor component to deter-
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mine a first set of one or more languages able to be interpreted
by the database routine of the specified source device based
on the identity and version level of the database routine of the
specified source device, determine whether to perform the
first and second subtasks sequentially or at least partly in
parallel based on at least one aspect of the source processing
environment, select a language of the first set of languages in
which to generate instructions to perform at least the first
subtask based on the determination of whether to perform the
first and second subtasks sequentially or at least partly in
parallel, generate the instructions to perform the first subtask
in the selected language, and transmit first task instructions
comprising at least the instructions generated to perform at
least the first subtask to the specified source device.

To the accomplishment of the foregoing and related ends,
certain illustrative aspects are described herein in connection
with the following description and the annexed drawings.
These aspects are indicative of the various ways in which the
principles disclosed herein can be practiced and all aspects
and equivalents thereof are intended to be within the scope of
the claimed subject matter. Other features will become appar-
ent from the following detailed description when considered
in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example embodiment of a database
system.

FIGS. 2A, 2B, 2C, 2D, 2E and 2F, together, illustrate an
example embodiment of generating task instructions based
on one or more processing environments.

FIGS. 3A and 3B illustrate examples of operating environ-
ments for portions of a database query system.

FIGS. 4A, 4B, 4C and 4D illustrate examples of prompted
entry of parameters for generating task instructions.

FIGS. 5A, 5B and 5C, together, illustrate an example of an
operating environment for a coordinating device of'a database
query system.

FIG. 6 illustrates an example embodiment ofa logic flow of
generating and performing task instructions in a database
query system.

FIG. 7 illustrates another example embodiment of a logic
flow of generating and performing task instructions.

FIG. 8illustrates an example embodiment ofa logic flow of
generating task instructions.

FIG. 9 illustrates another example embodiment of a logic
flow of generating task instructions.

FIG. 10 illustrates an example embodiment of a processing
architecture.

DETAILED DESCRIPTION

Various embodiments described herein are generally
directed to techniques for generating database task instruc-
tions based on aspects of the processing environment avail-
able within at least the source device from which source data
is retrieved to perform the task. An operator of a coordinating
device may be guided through providing input concerning
various aspects of a database task to be performed. As at least
selections a source device and source data are specified by the
operator, current information concerning the processing envi-
ronment of at least the source device is automatically
retrieved. Where a destination device other than the source
device is specified, current information concerning the pro-
cessing environment of the destination device is also auto-
matically retrieved. Based at least on the retrieved informa-
tion concerning the processing environment of the source
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device, one or more database languages are automatically
selected in which to automatically generate the instructions to
perform the database task.

With such selection of database languages and the genera-
tion of instructions within the selected languages performed
automatically based on current conditions within one or more
processing environments, dynamically changing conditions
in the processing environments of multiple computing
devices of a database system may be automatically accom-
modated. More precisely, various factors such as what data-
base routines and what versions thereof are available, current
availability of processor and/or storage components, and/or
recently observed levels of processing performance of vari-
ous data operations may be automatically detected and used
as inputs at runtime to automatically make a more optimal
choice of database language(s) in which to generate instruc-
tions. Such detected factors may also be used as inputs at
runtime to automatically generate instructions that more opti-
mally employ processing resources for which availability
may change too frequently to be taken into account by per-
sons who might seek to generate the instructions to perform a
database task themselves. As a result, instructions to perform
a database task are generated that take advantage of currently
available resources among a frequently changing variety of
resources, while avoiding the attempted use of resources that
are not currently available such that each database task is able
to be performed more quickly.

A user interface of a coordination device may present on a
display an assortment of types of database tasks that may be
performed by a database system, and await a selection of one
of those types of database tasks from that assortment by an
operator of the coordination device. The user interface may
also present on the display various requests for pieces of
information from the operator concerning aspects of the data-
basetask to be performed. Among those pieces of information
may be indications of a source device, a source data set, one
or more portions of the source data set, one or more data
operations to perform, one or more control values, and/or a
destination device where the destination device is different
from the source device.

As discussed herein, the term “database routine” may
include software executable by one or more processor com-
ponents to provide an execution environment in which
instructions written in one or more database languages may
be executed to perform searches, calculations and/or various
analyses of data stored within one or more stored data sets.
Therefore, the support provided for the execution of instruc-
tions written in one or more database language may include
libraries and/or other collections of callable routines that may
be somewhat specialized to efficiently perform character-
based or pattern matching searches, to efficiently perform
calculations to aggregate numerical data values, and/or to
efficiently generate various graphical representations of data.
However, a database routine may more broadly support the
execution of instructions to perform still other tasks that may
have little to do with the use and/or manipulation of relatively
large data sets. Thus, examples of database routines may
include Oracle® Database offered by Oracle® Corporation,
Teradata® Database offered by Teradata® Corporation, and
Greenplum® Database offered by Pivotal® Software, Inc.
However, another example of database routines may include
Hadoop® currently maintained by the Apache™ Software
Foundation, and Java™ currently maintained by Oracle®
Corporation.

Different database routines offered by different vendors
often support the use of different database languages in which
instructions must be generated to perform a database task.
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Alternatively or additionally, a single database routine may
support the use of multiple different database languages. An
example of such a single database routine may be Hadoop.
While the open source model of development of Hadoop
enables development at a more rapid pace by inviting partici-
pation from numerous persons and organizations, this same
open source model has also allowed a plethora of specialized
functions to become available for addition to Hadoop, includ-
ing a variety of database languages and/or extensions to data-
base languages in which instructions to perform database
tasks may be written.

Indeed, in Hadoop a combination of changes between enti-
ties that oversee maintenance of the programming code in
which Hadoop is written and its open source development
model has created a highly unrestrained community develop-
ment environment in which different developers feel free to
augment the functionality of Hadoop with little coordination
among themselves. This has result in numerous competing
extensions to Hadoop that may perform similar functions, but
in very different ways that are often intended by their devel-
opers to address different specialized situations, and with
numerous accompanying new database languages or new
extensions to existing database languages that must be used to
take advantage of each of the competing extensions. The
result is sometimes referred to as the “Hadoop zoo” of data-
base languages that presents a quandary in which it may be
highly desirable to be able to choose from among different
ones of the database languages to make use of their different
associated extensions at different times, but where the range
of available database languages is too extensive for the vast
majority of programmers to fully comprehend. Most who are
trained to write programs to perform database tasks in
Hadoop are trained to do so in a relatively limited subset of
those database languages and must then learn about others of
the database languages over time as their experience in work-
ing with Hadoop grows. Thus, the wide variety of database
languages created over time as part of extending the capabili-
ties of Hadoop paradoxically discourages the use of those
capabilities.

As the operator provides input concerning source and/or
destination devices through the user interface, that input may
be automatically used to identify the one or more processing
environments in which the database task is to be performed.
More specifically, information concerning the processing
environment(s) of the source and/or destination devices may
be retrieved therefrom to determine various aspects of the
functionality available within each. Such retrieved informa-
tion may include one or more of the identity and/or version
level of any installed database routines, identity and/or ver-
sion level of any add-on routines by which the functionality of
database routine(s) may be augmented. Such retrieved infor-
mation may also include the quantity of computing device
nodes making up a cluster in embodiments where the source
and/or destination devices are implemented as clusters of
computing devices. Such retrieved information may further
include indications of quantity and/or type of storage devices,
and/or amount of storage space available within one or more
storage devices. Still further, such retrieved information may
include observations of performance of earlier database tasks,
including and not limited to, components of the source and/or
destination devices employed in performing earlier database
tasks, and/or amounts of time required in performing earlier
database tasks.

As the operator provides input concerning source and/or
destination data sets, that input may be used to determine one
or more aspects of the source and/or destination data sets.
More specifically, information concerning the manner in
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which data is organized within the source and/or destination
data sets may be retrieved therefrom, such as rows, columns,
dimensions, manner of indexing, etc. Such information may
be employed to automatically prompt the operator of the
coordinating device to specify what portion(s) of at least the
source data are to be employed as inputs to the database task
to be performed. As the operator provides input identifying
those portion(s), information concerning the data values
within those portions may be retrieved from the source data
set from within the source device and/or from the destination
data set from within the destination device.

Upon receipt of all of the operator’s input specifying vari-
ous aspects of database task, the coordinating device may
employ at least the indications of identity and/or version
level(s) of database routine(s) installed within the source
and/or destination devices to automatically determine what
database languages are supported by each database routine
that may be involved in the database task. In so doing, the
coordinating device may take into account the manner in
which the database language support of each database routine
may have been augmented through the addition of one or
more add-on routines. The coordinating device may then
automatically select one or more database languages from
among the supported languages in which to generate instruc-
tions to perform the database task. More specifically, the
coordination device may automatically select a language for
each subtask of the database task from among the supported
languages.

The coordinating device may also base its automatic selec-
tion of database languages for each subtask from among the
supported database languages on indications retrieved from
the source and/or destination devices of available types of
storage devices and/or the amount of storage space available
in each. More specifically, a supported database language in
which to generate instructions to perform a subtask may be
automatically selected based on an automatically identified
opportunity to make use of a currently available amount of
storage space within a particular storage device. Alternatively
or additionally, the coordinating device may also base its
automatic selection of database languages for each subtask
from among the supported database languages on indications
retrieved from the source and/or destination devices of the
manner in which previous database tasks were performed
and/or the amount of time required to perform those previous
database tasks.

The coordinating device may further base its automatic
selection of database languages for each subtask from among
the supported database languages on indications received
from the source and/or destination devices of currently avail-
able quantities of computing device nodes within cluster(s) in
embodiments in which the source and/or destination devices
are incorporated into clusters of computing devices. Alterna-
tively or additionally, the instructions to perform one or more
of the subtasks may selectively be generated to employ dif-
fering quantities of nodes of a cluster in embodiments in
which the source and/or destination devices are incorporated
into clusters of computing devices.

With general reference to notations and nomenclature used
herein, portions of the detailed description that follows may
be presented in terms of program procedures executed on a
computer or network of computers. These procedural
descriptions and representations are used by those skilled in
the art to most effectively convey the substance of their work
to others skilled in the art. A procedure is here, and generally,
conceived to be a self-consistent sequence of operations lead-
ing to a desired result. These operations are those requiring
physical manipulations of physical quantities. Usually,
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though not necessarily, these quantities take the form of elec-
trical, magnetic or optical communications capable of being
stored, transferred, combined, compared, and otherwise
manipulated. It proves convenient at times, principally for
reasons of common usage, to refer to what is communicated
as bits, values, elements, symbols, characters, terms, num-
bers, or the like. It should be noted, however, that all of these
and similar terms are to be associated with the appropriate
physical quantities and are merely convenient labels applied
to those quantities.

Further, these manipulations are often referred to in terms,
such as adding or comparing, which are commonly associated
with mental operations performed by a human operator. How-
ever, no such capability of a human operator is necessary, or
desirable in most cases, in any of the operations described
herein that form part of one or more embodiments. Rather,
these operations are machine operations. Useful machines for
performing operations of various embodiments include gen-
eral purpose digital computers as selectively activated or con-
figured by a computer program stored within that is written in
accordance with the teachings herein, and/or include appara-
tus specially constructed for the required purpose. Various
embodiments also relate to apparatus or systems for perform-
ing these operations. The required structure for a variety of
these machines will appear from the description given.

Reference is now made to the drawings, wherein like ref-
erence numerals are used to refer to like elements throughout.
In the following description, for purposes of explanation,
numerous specific details are set forth in order to provide a
thorough understanding thereof. It may be evident, however,
that the novel embodiments can be practiced without these
specific details. In other instances, well known structures and
devices are shown in block diagram form in order to facilitate
a description thereof. The intention is to cover all modifica-
tions, equivalents, and alternatives within the scope of the
claims.

FIG. 1 illustrates a block diagram of an example embodi-
ment of a database system 1000 incorporating one or more
computing devices 100 and/or 300, a coordinating device 500
and/or a viewing device 700. Each of these computing
devices 100,300, 500 and 700 may be any ofa variety of types
of computing device, including without limitation, a desktop
computer system, a data entry terminal, a laptop computer, a
netbook computer, a tablet computer, a handheld personal
data assistant, a smartphone, a digital camera, a body-worn
computing device incorporated into clothing, a computing
device integrated into a vehicle (e.g., a car, a bicycle, a wheel-
chair, etc.), a server, a cluster of servers, a server farm, etc.
Embodiments are not limited in this context. It should be
noted that although quantities of up to three of each of the
computing devices 100 and 300 are specifically depicted such
that each of the computing devices 100 and 300 may be a
computing device node of a cluster, such clusters may be
made up of other quantities of the computing devices 100 and
300.

As depicted, these computing devices 100, 300, 500 and/or
700 may exchange communications conveying instructions
to perform a database task, information employed in gener-
ating those instructions and/or data associated with the data-
base task through a network 999. However, one or more of the
computing devices 100, 300, 500 and/or 700 may exchange
other data entirely unrelated to generating instructions to
perform a database task and/or the performance of a database
task with each other and/or with still other computing devices
(not shown) via the network 999. In various embodiments, the
network 999 may be a single network that may extend within
a single building or other relatively limited area, a combina-



US 9,223,619 B2

9

tion of connected networks that may extend a considerable
distance, and/or may include the Internet. Thus, the network
999 may be based on any of a variety (or combination) of
communications technologies by which communications
may be effected, including without limitation, wired tech-
nologies employing electrically and/or optically conductive
cabling, and wireless technologies employing infrared, radio
frequency or other forms of wireless transmission.

As will be explained in greater detail, the coordinating
device 500 may prompt an operator of the coordinating
device 500 to provide information concerning various aspects
of'a database task to be performed by the computing device(s)
100 serving as a source device, and by either of the computing
device(s) 100 or 300 as a destination device. The coordinating
device 500 may automatically select one or more database
languages supported by database routines 140 and/or 340 of
the computing devices 100 and/or 300, respectively, in which
to generate the instructions based on various aspects of the
processing environments of the computing devices 100 and/
or 300. Further, the instructions may specify that an indica-
tion of the results of performing the database task be trans-
mitted to the viewing device 700 for presentation thereby.

In various embodiments, the computing device(s) 100 may
each incorporate one or more of a processor component 150,
a storage 160 and a network interface 190 to couple the
computing device 100 to the network 999. The storage 160
may store one or more of each of the database routine 140,
environment data 130, a data set 133, a monitoring routine
145, intermediate data 231, task instructions 571 and viewing
data 730. Each of the data sets 133 may include organization
data 135. The database routine 140 may be augmented with
one or more add-on routines 142. The database routine 140
may incorporate a sequence of instructions operative on the
processor component 150 of a single computing device 100 or
multiple ones of the computing device 100 to implement logic
to perform various functions.

In embodiments of the database system 1000 that include
the computing device(s) 300 that may each be made up of a
substantially similar set of components as each of the com-
puting device(s) 100. More specifically and not unlike the
computing device(s) 100, the computing device(s) 300 may
each incorporate one or more of a processor component 350,
a storage 360 and a network interface 390 to couple the
computing device 300 to the network 999. The storage 360
may store one or more of each of the database routine 340,
environment data 330, a data set 333, a monitoring routine
345, intermediate data 233, task instructions 573 and viewing
data 730. Each of the data sets 333 may include organization
data 335. The database routine 140 may be augmented with
one or more add-on routines 342. The database routine 340
may incorporate a sequence of instructions operative on the
processor component 350 of a single computing device 300 or
multiple ones of the computing device 300 to implement logic
to perform functions similar to those that may be performed
by one or more of the computing device 100.

Returning to the one or more computing devices 100, in
executing the database routine 140, the processor component
150 may await reception of instructions to perform a database
task. As will be explained in greater detail, the processor
component 150 may be caused to operate the network inter-
face 190 to receive such instructions transmitted to one or
more of the computing devices 100 by the coordinating
device 500 as the task instructions 571. The database routine
140 may support the writing of instructions to perform a
database task in one or more specific database languages.
Examples of such database languages may be DS2, Java,
MapReduce, Scala, SQL or SPARK. The database routine
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140 may be augmented in its functionality, including which
database languages it supports, by the addition of one or more
add-on routines 142 to the database routine 140.

The monitoring routine 145 may be a software component
of'an operating system executed by the processor component
150 to support execution of the database routine 140, may be
a software component of the database routine 140, or may be
entirely separate software executed by the processor compo-
nent 150. The monitoring routine 145 may monitor the per-
formance of database tasks by the database routine 140, and
may store indications of various aspects of such performance
as part of the environment data 130. Among the aspects of the
performance of database tasks that may be so recorded may
be the amount of time required to perform a database task,
indications of what operations were performed in the process
or performing a database task and/or how frequently each
operation was performed, what components of the database
routine 140 and/or what add-on routines 142 were employed
in performing a database task, and/or when a database task
was performed.

Alternatively or additionally, the monitoring routine 145
may perform various tests of and/or make various inquiries of
software and/or hardware components of one or more of the
computing devices 100 to identify those components and/or
determine the current status of those components. By way of
example, the monitoring routine 145 may retrieve identifiers
of'the database routine 140 and/or any add-on routines 142 by
which the database routine 140 may be augmented, the pro-
cessor component 150 and/or an operating system that the
processor component 150 may execute to support execution
of the database routine 140, and/or one or more storage
devices making up the storage 160. Alternatively or addition-
ally, the monitoring routine 145 may retrieve identifiers of
version levels of one or more of these. In embodiments in
which there is more than one of the computing devices 100,
the monitoring routine 145 of one of the computing devices
100 may perform one or more tests and/or make various
inquires of one or more hardware and/or software compo-
nents of others of the computing devices 100 to identify those
components and/or their version levels. Alternatively or addi-
tionally, the monitoring routine 145 of one of the computing
devices 100 may retrieve indications of how many of the
computing devices 100 there are and/or the current status of
each. The monitoring routine 145 may store indications of the
results of such tests and/or responses to such inquiries as part
of the environment data 130.

Thus, prior to, during and/or following execution of the
database routine 140 to execute instructions to perform a
database task, the monitoring routine 145 may retrieve iden-
tifiers of various hardware and/or software components of
one or more of the computing device 100, including and not
limited to identifiers of the database routine 140 and/or any
add-on routines 142 by which the functionality of the data-
base routine 140 may be augmented. In some embodiments,
the monitoring routine 145 may recurringly perform such
tests and/or make such inquiries to detect any changes in the
hardware and/or software components that make up one or
more of the computing devices 100, and/or to update the
environment data 130 with more current indications of the
status of each.

During execution of the database routine 140 to execute
instructions to perform a database task, the processor com-
ponent 150 may be caused to temporarily store portions of
data employed in the performance of that database task as the
intermediate data 231. In some embodiments, the intermedi-
ate data 231 may be made up of portions of data retrieved
from one or more of the data sets 133, and/or data resulting
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from the performance of various operations of the database
task that may be stored as part of one or more of the data sets
133. Alternatively or additionally, in embodiments of the
database system 1000 that include one or more of the com-
puting devices 300, the intermediate data 231 and its coun-
terpart intermediate data 233 may be caches of data
exchanged between at least one of each of the computing
devices 100 and 300 as part of cooperation therebetween to
perform a database task.

Indeed, as will be explained in greater detail, at least one of
the computing devices 100 may be designated as a source
device of data employed as input to a database task and at least
one of the computing devices 300 may be designated as a
destination device for data generated as a result of perfor-
mance of the database task. In such cooperation, the proces-
sor component 150 may execute the database routine 140 to
execute instructions for performing part of a database task,
while the processor component 350 may similarly execute the
database routine 340 to execute other instructions for per-
forming another part of the same database task. During the
performance of a database task, whether solely by one or
more of the computing devices 100 or by a combination of
one or more of each of the computing devices 100 and 300,
the processor component 150 and/or 350 of at least one of the
computing devices 100 and/or 300, respectively, may gener-
ate the viewing data 730, and/or may transmit the viewing
data 730 to the viewing device 700 to enable presentation of
avisual of the results of the database operation on the display
780.

In various embodiments, the coordinating device 500
incorporates one or more of a processor component 550, a
storage 560 and a network interface 590 to couple the coor-
dinating device 500 to the network 999. The storage 560 may
store one or more of a control routine 540, an instructions
database 530, a task database 535, one or both of the environ-
ment data 130 and the instructions database 530, one or both
of the organization data 135 and the task database 535, the
task instructions 571 and/or 573, and the viewing data 730.
The control routine 540 may incorporate a sequence of
instructions operative on the processor component 550 to
implement logic to perform various functions.

In executing the control routine 540, the processor compo-
nent 550 may operate the display 580 and the manually-
operable controls 520 to provide a user interface to an opera-
tor of the coordinating device 500 in which the processor
component guides the operator through specifying various
aspects of a database task to be performed by the computing
device(s) 100 and/or 300. FIG. 2A depicts an example of
guiding an operator of the coordinating device 500 through
specifying such aspects. As depicted, the task database 535
may include indications of requisite pieces of information
needed to perform each of a variety of database tasks and/or
indications of subtasks that may make up each database task.
As aresult of executing the control routine 540, the processor
component 550 may operate the display 580 to present an
assortment of database tasks that are included in the task
database 535 and that may be performed by the database
system 1000 along with a prompt for the operator to select one
of'the database tasks to be performed. The processor compo-
nent 550 may then monitor the manually operated controls
520 to await an indication of operation of the controls 520 by
operator to select a database task from among the presented
assortment.

Either after or as part of presenting the assortment of tasks,
the processor component 550 may also operate the display
580 to present an assortment of the currently available devices
in which data sets may be stored to enable the selection of one
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or more of those devices as source and/or destination devices
by the operator. More specifically, an assortment of devices,
including one or both of the computing device(s) 100 and/or
300, may be presented to allow the operator to specify a
device within the assortment as one that stores a data set from
which source data is to be retrieved for use as an input to the
database task. The operator may additionally specify the
same device to also serve as the destination device within
which data output by the database task is to be stored. Alter-
natively, the operator may specify a different one of the
devices within the assortment as the destination device. For
example, and as will be depicted in succeeding figures, at
least one of the computing devices 100 may be selected by the
operator to serve as both source and destination devices, or at
least one of the computing devices 100 may be selected by the
operator to serve as the source device while at least one of the
computing devices 300 may be selected by the operator to
serve as the destination device. The processor component 550
may then monitor the manually operated controls 520 to await
indications of operation of the controls 520 by the operator to
select source and/or destination devices from among the pre-
sented assortment.

Returning to FIG. 1, further execution of the control rou-
tine 540 may cause the processor component 550 to employ
the received indications of operator-made selections of
source and/or destination devices to transmit requests to those
device to provide indications of aspects of the their process-
ing environments and/or indications of what data sets are
stored therein. Thus, in embodiments in which the computing
device(s) 100 and/or 300 have been selected by the operator to
serve as the source and/or destination devices, the processor
component 550 may transmit via the network 999 requests for
indications of aspects of their processing environments and/
or what data sets are available within each.

FIG. 2B depicts an example of guiding an operator of the
coordinating device 500 through specifying data set(s) to
serve as source and/or destination data sets. As depicted, the
monitoring routines 145 and/or 345 may respond to the
requests received from the coordinating device 500 via the
network 999 for indications of aspects of processing environ-
ment(s) by transmitting at least a portion of the environment
data 130 and/or 330, respectively, to the coordinating device
500. As previously discussed, the environment data 130 and/
or 330 may include indications of aspects of the performance
of previous database tasks. Such indications may include
identifiers of the data set(s) 133 and/or 333 available within
each of the computing device(s) 100 and/or 300, respectively.
The processor component 550 may then use such indications
of the data set(s) 133 and/or 333 that are available to operate
the display 580 to present assortments of the data set(s) 133
and/or 333 to enable the operator of the coordinating device
500 to select the data set(s) to become the source and/or
destination data set(s) from the presented assortment(s). The
processor component 550 may then monitor the controls 520
for indications of receipt of the selection(s) of source and/or
destination data sets made by the operator.

Alternatively, the environment data 130 and/or 330 may
not include identifiers of the data set(s) 133 and/or 333 that
are available within each of the computing device(s) 100
and/or 300, respectively. However, as previously discussed,
the environment data 130 and/or 330 may include identifiers
of the database routines 140 and/or 340, respectively. The
processor component 550 may employ such identifiers to
automatically select database language(s) supported by the
database routines 140 and/or 340 to generate database queries
to obtain indications of the available data set(s) 133 and/or
333, respectively, and may transmit those queries to the com-
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puting device(s) 100 and/or 300. In response, the database
routines 140 and/or 340 may provide the coordinating device
with those indications of the data sets 133 and/or 333 that are
available within the computing device(s) 100 and/or 300,
respectively, which the processor component 550 may then
use to present the assortments of data set(s).

Returning to FIG. 1, further execution of the control rou-
tine 540 may cause the processor component 550 to employ
the received indications of operator-made selections of ones
of the data set(s) 133 and/or 333 to serve as source and/or
destination data sets to generate queries to one or both of the
database routines 140 and 340 to provide indications of the
organization of data within each of the selected ones of the
data sets 133 and/or 333. The processor component 550 may
then transmit such queries to the computing device(s) 100
and/or 300 via the network 999. In response to such queries,
the database routines 140 and/or 340 may provide at least
portions of the organization data 135 and/or 335 from within
the selected ones of the data sets 133 and/or 333 to the coor-
dinating device 500 via the network.

FIG. 2C depicts an example of guiding an operator of the
coordinating device 500 through their selection of one or
more portions of each selected one of the data set(s) 133
and/or 333. As depicted, the organization data 135 and/or 335
may include indications of the rows and/or columns (or other
dimensional ordering) of the data, any indices used in access-
ing data values, and/or the data types of those data values
(e.g., bit, byte, word, text, 64-bit floating point, etc.). The
processor component 550 may employ such indications of the
manner in which the data within selected ones of the data
set(s) 133 and/or 333 are organized to present assortments of
rows, columns and/or other dimensional ordering for each of
the selected data set(s) 133 and/or 333 to enable the selection
of portions of the selected ones of the data set(s) 133 and/or
333 by the operator of the coordinating device 500 through
selection of particular rows, columns, etc. The processor
component 550 may then monitor the controls 520 for indi-
cations of entry of such selection by the operator.

As also depicted, presentations of assortments of
portion(s) of data set(s) m